ABSTRACT
INTRODUCTION
Immunostimulation constitutes an attractive alternative to conventional chemotherapy and prophylaxis of infections. That is of prime importance when infectious diseases, persistent infections, chemotherapy-resistant bacteria and viral infections, have to be treated (1) . A second field of application is the prophylaxis of opportunistic infections of patients at risk due to lack of suitable medications such as viral infections. Further application is the therapy of malignant diseases where the tumor growth can be inhibited by stimulating specific components of the immune system, such as macrophages or T-killer cells. If chemically defined compounds were available that were capable of specifically stimulating immune system, it might be helpful in the therapy of autoimmune diseases such as rheumatoid arthritis, polyarthritis, chronic active hepatitis, myasthenia gravis, multiple sclerosis, psoriasis and others, immunostimulants having been used predominantly on the basis of empirical clinical observations (2) . Tumor necrosis factor alpha (TNF-α,) is an important cytokine involved in systemic inflammation and the acute phase response. It has a number of actions on various organ systems, generally together with interleukins 1 and 6: Stimulating of the hypothalamic-pituitary-adrenal axis by stimulating the release of corticotropin releasing hormone (CRH), and stimulating the acute phase response of the liver leading to an increase in C-reactive protein and a number of other mediators.
Gamma-Interferon (IFNis a typical lymphokine, being produced exclusively by activated natural killer cells and T lymphocytes. It is an activator of macrophages and thus increases their antitumor activities. If the macrophages are infected by intracellular parasites, it activates macrophages which in turn destroy the parasites. Suppression of intracellular parasites under the influence of IFN-takes place in the non-macrophage cells as well. IFNaffects differentiation of B-cells immune responses. In the late stages it increases the secretion of the immunoglobulins.
The aim of the present work is to demonstrate that in the future, apart from microbial preparations (Grampositive and Gram-negative bacteria), plant drugs and polyalcohol polymers isolated from fungi might play a role in enhancing either the nonspecific and/or specific immune response in albino mice model (3-5) . The total plant extractive that prove to be immunostimulant may be considered as prototype, the development of which may lead to novel promising immunostimulant compounds. Results are average from 4 replicates Non-specific immune response using "Macrophage migration index"
MATERIALS & METHODS
showed the lowest Macrophage migration index with Echinacea purpurea followed by Ecballium elaterium and Tropaeolum majus.
The later two plant extractives showed appreciable non specific immunostimulant activity (low Macrophage migration index) comparable to the results displayed by Echinacea purpurea.
Rice bran extract showed low macrophage migration index at concentrations (100-1500 g/ml) but not with conc. 2000 g/ml).
Regarding the non specific immune response using "phagocytic index", it was apparent that mushrooms (pleurotus ostreatus and Agaricus bisporous) in addition to Ecballium elaterium especially at high concentrations (1000-2000 g/ml) had the highest immunostimulant effect.
In relation to "viability percentage", it was apparent, by comparison of each plant extract at different concentrations (100-2000 g/ml) with its control, that both Echinacea purpurea and Ecballium elaterium at concentrations (500-2000 g/ml) had higher viability % than that of control. Tropaeolum majus showed significantly high viability % at concentrations (1000-2000 g/ml) while, Cucurbita maxima showed only higher viability % than its control at concentrations 1500-2000 g/ml.
The three experiments clearly demonstrated that Ecballium elaterium and Tropaeolum majus had considerable immunostimulant effect in addition to Echinacea purpurea (the well known marketed immunostimulant drug). This leads us to investigate the active constituents of Ecballium elaterium and Tropaeolum majus that possibly have such immunostimulant effect.
Study of immunostimulant activity Ecballium of different extractives of elaterium & Tropaeolum majus
One kg of each of Ecballium elaterium & Tropaeolum majus was subjected to Successive extraction with different solvents of different polarities (petroleum ether, chloroform, ethyl acetate, alcohol 70%, and water) using continuous extraction apparatus.The extraction with each solvent was continued until an aliquot of the last colorless percolate, left no residue when evaporated to dryness. After each extraction, the powder was taken out of the extractor and completely dried before using the next solvent. The solvent was removed completely from each extract, and the residue was dried to a constant weight. They showed appreciable non specific immunostimulant activity (Low Macrophage migration index) comparable to the results displayed by the control.
Regarding the non specific immune response using "phagocytic index", it was apparent that chloroform extract of E. elaterium at concentrations 500 & 2000 µg/ml and in addition to alcohol extract at concentrations 1500 & 2000 µg/ml together with pet.ether, chloroform, ethyl acetate and alcohol extracts Tropaeolum majus at concentrations 1500 & 2000 µg/ml were the best as immunostimulants.
In determination of "viability percentage", it was apparent, by comparison of each plant extract at different concentrations (100-2000 g/ml) with control, that both chloroform extract at concentrations 1500 & 2000 µg/ml and alcohol extract at concentrations 500-2000 g/ml of E. elaterium had higher viability % than that of control. Pet. ether, chloroform, ethyl acetate and alcohol extracts of T. majus showed significantly high viability % at concentrations 1000-2000 g/ml.
The three experiments suggested that chloroform and alcohol extracts of E. elaterium and pet.ether, chloroform, ethyl acetate and alcohol extracts of T. majus had considerable immunostimulant effect. This led us to investigate the active constituent of Ecballium elaterium and Tropaeolum majus that possibly to have such immunostimulant effect.
Investigation of the chloroform extract of Ecballium elaterium fruits (A. Rich.) F. Cucurbitaceae resulted in isolation of two compounds named "EC 1" and "EC 3 ".
Compounds "EC 1" and "EC 3 " gave positive test for cucurbitacins by spraying with vanillin/phosphoric acid reagent to give red and brown spots (6) . Its spectral data was identical to published data of "cucurbitacin E" and "cucurbitacin D" respectively Investigation of the petroleum ether extract of Tropaeolum majus herb L. F. Tropaeolaceae resulted in isolation of two compounds named "T 8 " and "T 10 ".
Compound "T 8 " isolated from petroleum ether extract of Tropaeolum majus herb gave positive Leiberman-Burchard test for steroids and/or triterpenes. It was identified as "Androstane".
Compound "T 10 " responded negatively to Leiberman-Burchard test but gave faint orange Dragendorff's test for nitrogenous substances.
Compound "T 10 " was identified as a sulphur-compound "4-acetyl-3, 5-bis-(methyl thio)-2-pyrrolin-5-Ol" 
Study of immunostimulant activity by the isolated compounds:
Tumor Necrosis factor-alpha (TNF-) and Gamma Interferon (INF-) production 
DISCUSSION

Evaluation of isolated compounds from
Tropaeolum majus and Ecballium elaterium, relative to the reference plant Echinacea purpurea, for specific immune response to produce cytokines (TNF-α and INF-γ) clearly demonstrated good inductive effect for production of TNF-α by lymphocytes displayed by compounds "EC 3 " (50 μg/ml), "S 1 " (0.5 μg/ml), "TC 4 " (0.5 μg/ml) and "TE 4 " (0.5 and 500 μg/ml) after 48 hrs producing 367.36, 85.65, 182.37, 458.12, 90.78, and 100.91 Pg/ml respectively while, only compound "TE 4 " displayed good inductive effect for production of TNF-α by macrophages producing 898.62 and 776.26 Pg/ml at concentrations 0.5 and 50 μg/ml of compound "TE 4 " respectively.
Regarding the production of INF-γ after treatment of macrophages for 24, 48 and 72 hours it was apparent that compounds "EC 3 " and "S 1 " displayed good inductive effect after 24 and 48 but not after 72 hours while, compounds"T 8 ", "T 10 " and "TE 4 " were powerful inductive for the production of INF-γ after 24, 48 and 72 hours resulting in production of high amount of such cytokine reached 2090.00 Pg/ml with compound "T 10 ".
It was clear that the non acetylated form of the cucurbitacin compound "EC 3 " was more active that the acetylated form "EC 1 ".
Compound "T 8 " which is a steroidal compound displayed a powerful effect for production of INF-γ. Also compound "T 10 " which is a sulfur compound showed the highest level of INF-γ (2090.00 pg/ml) production suggesting the possible effect of natural sulfur compounds as immunostimulant drugs.
In addition compound "TE 4 " as a flavonoid glycoside displayed higher immunostimlant effects than its flavonoid aglycone "TC 4 " suggesting that the sugar moiety of the glycoside might play an important rule in cytokine production.
As a conclusion, Cucurbitacin D "EC 3 " and 2-0--D-glucopyransoyl cucurbitacin I "S 1 " of E.elaterium in addition to 5,3'-dihydroxy-7,4'-dimethoxy flavone"TC 4 " and 5,3'-dihydroxy-7,4' dimethoxy flavone -5-0-glucoside "TE 4 " of T. majus were found to significantly stimulate the production of both TNF- and INF-, while, Androstan "T 8 " and 4-acetyl-3,5-bis-(methyl thio)-2-pyrrolin-5-Ol "T 10 " of T. majus stimulated the production of INF- only. Cucurbitacins, steroidal compounds, sulfur compounds and flavonoids might play an important rule in immunostimulation.
RECOMMENDATIONS
We need to pay more attention to our Egyptian flora as it presents more convenient and in some instances superior to the already established and marketed drug formulations.
Promising new compounds that were isolated from Ecballium elaterium and Tropaeolum majus extractives should be subjected to extensive clinical and pharmacokinetic studies to support their presentation in drug market. 
